Introduction
Hypothalamic hamartoma (HH) is an important cause of refractory epilepsy; and stereotactic thermocoagulation is a highly recommended treatment [1] . While gelastic seizures (GS) are hallmark features of epilepsy with HH [1] ; a few reported adultonset cases with HH manifested less prominent GS and responded to anti-epileptic drugs or anterior temporal lobectomy [2, 3] . We report a case of refractory epilepsy with HH but no history of GS; which was successfully treated by stereotactic thermocoagulation of HH based on presurgical evaluation using intracranial electroencephalography (EEG).
Case report
A 29-year-old right-handed woman was referred to our hospital with refractory focal seizures from the age of 21 years. The seizures started with aura of a nostalgic feeling followed by unresponsiveness, staring, and oral automatism, which lasted 2 to 3 minutes. Occasionally secondary generalization occurred after the patient turned her face to the right. She had been treated with sodium valproate (VPA) (maximum 1000 mg/day), carbamazepine (CBZ) (600 mg/day) and lamotrigine (LTG) (200 mg/day), but complex partial seizures (CPS) persisted once every 2 to 3 months.
On video-EEG recording, ictal discharges (rhythmic theta waves) appeared in the left temporal region during oral automatism (Fig. 1A) . Although her seizure semiology and EEG findings suggested medial temporal lobe epilepsy, MRI revealed a HH 9 mm in diameter arising from the left side, with no abnormalities in the temporal lobes (Fig. 1B and C) . We questioned the patient and her family about any episode of GS, and all confirmed definitively no history of GS. In addition, she had no history of precocious puberty and her intellectual ability was borderline (Wechsler Adult Intelligence Scale III full scale IQ, 69). Interictal 18 F-FDG-PET revealed no obvious hypometabolic area (Fig. 1D ). Subtraction ictal SPECT coregistered to MRI (SISCOM) captured slight increase in ictal blood flow in the left temporal lobe (Fig. 1E ). Magnetoencephalography also detected a few spike dipoles in the left hippocampus ( Fig. 1F) . From these findings, we speculated the following two possibilities. First, the HH is not related to the seizures. In other words, the hamartoma may be an incidental coexisting lesion and is not epileptogenic. In this case, the diagnosis would be MRI-negative, left mesial temporal lobe epilepsy. Second, the HH is the epileptogenic zone, and the diagnosis would be HH-associated epilepsy with no GS.
We conducted intracranial EEG to examine whether the HH was actually epileptogenic. The depth electrodes were stereotactically placed in the HH and left hippocampus (Fig. 2B ) and subdural strip electrodes were also placed on the surface of the left frontal and temporal lobes. Intracranial EEG recording confirmed that the ictal discharges from the HH preceded those from other regions including the left hippocampus ( Fig. 2A) . Based on these findings, we conducted stereotactic radiofrequency thermocoagulation at 74 8C for 60 s using a 2-mm electrode (Leksell Stereotactic System, Sweden) to produce eight 5-mm lesions. For the stereotactic disconnection surgery, gadolinium-enhanced T1 axial images of 3.0 Tesla MR, in which slice thickness was 2.0 mm and reconstructed to 1.0 mm of with a matrix of 256 Â 256 and no gap, were transferred and analyzed on the planning computer (Leksell SurgiPlan 1 , Elekta). The postoperative MRI is shown in Fig. 2C .
After surgery, the patient continued to take only LTG 200 mg/ day. Thirty days after surgery, two episodes of CPS recurred and levetiracetam (LEV) 1000 mg/day was added. During follow-up for more than three years, her seizures were completely controlled and cognitive function remained unchanged.
Discussion
Most reports on epilepsy with HH describe existing GS or a history of GS [1, 4] . Especially, Kameyama et al. reported all of their 100 patients with HH presented GS, and recommended stereotactic thermocoagulation as a highly effective and minimally invasive treatment [1] . Seizures associated with HH are considered to be age-dependent [4] , and typically GS evolves to severe focal epilepsy with intellectual and behavioral disturbances [2] . On the other hand, epilepsy with HH but no GS is poorly known. In a previous report, two adult-onset cases of focal epilepsy with HH manifested no GS and responded well to medications [2] . In another report, a patient with only temporal seizures and a 5-mm HH was successfully treated by anterior temporal lobectomy based on the results of presurgical evaluation [3] . In that case, the topology and small size of the HH also suggested no association with the patient's seizures [3] . In the above-mentioned patients, the causal association between HH and seizures was not confirmed distinctly. A few other series included some cases with HH but no GS (see additional ''Further Reading'' online), but they didn't refer to surgical treatment or intracranial EEG.
Therefore, our case is unique in that the causal association between HH and seizures was confirmed by intracranial EEG and successful treatment by thermocoagulation. Although the addition of LEV to LTG controlled the seizures finally, which could be more effective than the pre-operative drugs combination, from the intracranial EEG findings we consider that thermocoagulation played a critical role in seizure control. While GS with HH is classified as a distinct constellation, the existence of surgically treatable adult-onset cases with HH but no GS should also be recognized. However, because GS is sometimes subtle [4] , we should bear the following possibility in mind that no people had noticed her GS at some point in life. In addition, noninvasive presurgical evaluation of this case suggested left temporal focus. Therefore, the temporal lobe may have some association with epileptogenicity as well as symptomatogenesis. However, we considered that temporal lobectomy was not the best option, because epilepsy caused by HH may evolve to other types of seizures [4] with possible risk of relapses from other focal regions. The variability of seizure onset, propagation and independent seizure generation distant from HH is extensively discussed in a previous paper (see additional ''Further Reading'' online). Moreover, resection of the temporal lobe may cause postoperative cognitive dysfunction. We also emphasize that intracranial investigation is essential in cases like the present case.
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